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FOREWORD

The Explosives Division, in cooperation with the Picatinny
Arsenal Spontaneous Detonation Committee, has been conducting a
surveillance study of special purpose lead azide in storage. Some of
the results of this work have.been presented previously in internal
reports to the Spontaneous Detonation Committee. This report and
its appendices present the rationale for the study, the results to

date, and recommendations for further work.
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ABSTRACT

Data obtained by the Explosives Division, FRL, Picatinny
Arsenal, in the course of a surveillance study of stored special
purpose lead azide, are presented. Two separate investigations are
being reported: (1) a completed temperature cycle study; and (2)
a continuing surveillance program that is concerned with the
condition of the stored special purpose lead azide, and the stcrage
containers. Included in the report are results of mechanical
sensitivity tests, differential thermal analyses, microscopic
surveys, and assay analyses. Relevant trip reports and laboratory

studies are included as appendices.



INTRODUCTION

In recent years, large quantities of special purpose lead
azide (SPLA) have been stored at Army depots, due mainly to an
unanticipated reduction in the utilization of this primary explosive.
Traditionally, lead azide has been manufactured and used in rather
small quantities, and, as a consequence, experience relevant to the
storage of large amounts for extended periods of time is virtually
nonexistant. In specific instances (Ref. 1) where lead azide has
been stored for long periods of time, no significant change in
sensitivity to impact or thermal initiation was detected when
compared with freshly prepared lead azide. However, it is well
established (Ref. 2,3) that lead azide, during storage in ar
aqueous medium, can undergo reactions to form basic lead azide and
lead carbonate. It has been suggested that the sensitivity
characteristics of stored lead azide may be affected by these
reaction products. Since it has been standard practice to store
military grades of lead azide in a 50/50 water ethyl alcohol medium,
the storage of large quantities (approximately 500,000 1b at the
start of this study) becomes a matter of great concern.

It has been observed that lead azide is capable of spontaneous
detonation during the processes of precipitation and crystallization.
Although not completely understood, this phenomenon has been observed
by numerous investigators (Ref. 4,5), and several hypotheses have
been proposed to explain its occurrence.

Serious consideration, consequently, must be given to the
possibility of recrystallization from the storage medium, since
future storage times are predicted to be of long duration, and the
storage conditions portend cyclic temperature changes conducive to
recrystallation because of the slight lead azide solubility in the
storage medium.

This report presents data obtained by the Explosives Division
during a surveillance study of stored SPLA. Two separate investiga-
tions are reported: (1) a completed temperature cycle study; and
(2) a continuing surveillance program that is concerned not only
with the condition of the SPLA, but also with the condition of the
storage containers.



EXPERIMENTAL PROCEDURES

Sampling Procedures

The lead azide is stored in above-ground, dome-shaped magazines,
which are covered with earth and seeded with grass. A complete
description of the packaging used by the manufacturers of lead azide
is given in Appendix A. In most cases (Appendix A, Fig 1-3) 15 to
25 pounds of lead azide are wrapped in a square diaper cloth and
placed inside a succession of rubberized or polyethylene bags contain-
ing a 50/50 alcohol-water solution. These bags of lead azide are
enclosed in a jute or canvas liner, embedded in sawdust, and p_aced
inside a 55 gallon drum. Each drum is filled with 50/50 alcohol-water
solution and contains 125 to 150 pounds of lead azide.

In the process of procuring lead azide samples from storage
for this study, some deterioration of packaging materials was
observed. Appendix A gives the analyses of the storage liquid at
various locations within the storage drum. A description of the
type of packaging deterioration encountered can be found in
Appendices A through H.

Temperature Cycling Study

Twenty-six representative samples of SPLA and six of RD 1333
lead azide from the various manufacturers were selected from storage
and shipped to Picatinny Arsenal in an alcohol-water mixture. The
samples were not delivered to the Explosives Division in the original
storage solutions; so upon arrival at the laboratory they were
filtered and washed with a 50/50 alcohol-water solution, reapportioned
into 25 g test quantities, and stored under a fresh 50/50 alcohol-water
solution in vapor-tight™ polyethylene bottles. The actual lead azide
storage environment was simulated as closely as possible by including
swatches of duck cloth, diaper cloth, and polyethylene bag material
in each of the bottles. Prior to use, both types of cloth were washed
repeatedly with distilled water until no trace of sizing coloration
appeared in the washwater.

lPrior to use, a laboratory test was conducted to verify the manufact-—
urer's claim as to sealing qualities. Bottles containing 50/50 alcohol-
water were placed in storage at 40°C for a total period of approximately
40 days and tested at 4 day intervals. Total weight loss was less than
.5% for all tests of the bottles used for this study.



The samples were then placed in an unheated above-ground
storage building. It was determined that the variation in temperature
in this storage facility was not significantly different from that
encountered in storage magazines at the Savanna and Ravenna Depots;
if anything, the temperature differentials were slightly greater at
the Picatinny facility. When withdrawn for tests, the samples were
filtered, washed with 50/50 alcohol-water solution, and then again
with acetone. Following this treatment, a portion of each sample
was taken for impact testing, and another one for the micrographic
and differential thermal analysis studies.

Surveillance Study

Under the supervision of a representative of the Explosives
Division, the samples were withdrawn from the storage drums at the
various storage locations. A sample of sufficient quantity to allow
for evaluation, testing, and specimen retention, was packed in
storage medium taken from the same drum, placed in a suitable contain-
er, and shipped to Picatinny Arsenal. Surveillance reports assessing
the condition of the storage containers and internal packaging mater-
ials are given in Appendices C through H. After arrival at Picatinny
Arsenal, the samples were stored in the original medium until just
prior to testing, at which time they were filtered and washed with
50/50 alcohol-water solution followed by a thorough acetone wash.

Mechanical Sensitivity Test Procedures

In the course of these investigations the use of the so-called
ball drop impact apparatus was substituted for the PA impact apparatus
to evaluate samples as to their mechanical sensitivity. The changeover
was made primarily to take advantage of the much lower cost of the
ball drop procedure. Since, however, absolute values of impact
sensitivity data (e.g., 50% firing heights) are not comparable for
the two cases, the changeover was made only after a sufficient number
of runs had been made to establish confidence in the reliability of
the ball drop test. The first step in the evaluation of that test
consisted of subjecting ten batches of one lot of RD 1333 lead azide
to ball drop initiation (see Appendix J). The results show excellent
reproducibility of the 507 heights, but the standard deviations ob-
tained are generally larger than those obtained in PA impact tests
of lead azide. To supplement that test, the first group of surveil-
lance samples were subjected to both PA impact and ball drop impact
The results are tabulated in Table 3. Although the standard deviation
is greater, the relative variation (standard deviation as percent of
mean value) is smaller for the ball drop test, indicating that it is a
more precise procedure than the PA impact test (see Appendix K).



Both types of test apparatus are located in a temperature and
humidity controlled room to minimize environmental effects. The
samples were placed in this environment for one hour prior to testing.

Since the results of these tests are notorious for their depend-
ence upon non-sample-dependent parameters, particular care wzs taken to
minimize the effects of extrinsic factors by (1) fabricating all metal
parts of the test fixtures at one time from common stock, (2) enploying
the same closely supervised test operator and loader throughout the
series of tests, and (3) maintaining a well controlled loading and
firing sequence. To continually verify the reproducibility of the
impact apparatus, a "monitor" sample was tested at intervals during
the test sequence. This sample was stored in a desiccator, and one
hour prior to testing, the required amount was removed and left in the
room environment for one hour, as were the test samples.

Picatinny Arsenal Impact Test

Impact test parts were manufactured in large quantities, and
representative parts were selected, loaded with the "monitor" and test
fired. The results of these tests, when compared with other "monitor"
test results served as a criterion for assuming the acceptability of
PA impact test parts. All the test fixtures for each sample, at each
test period, were loaded consecutively. There were 180 fixtures, 140
for the test sequence and 40 for recheck purposes.

Twenty shots were fired at each test height; the heights were
changed in one inch increments, and a sufficient number of heights was
tested to give a percentage fire record extending from 10% to 90% fire.
The additional 40 samples were used to verify the 50% height and one
ciffering height selected at random.

DuPont Ball Drop Test

The samples were prepared for testing in manner identical to
that discussed in the preceding section "Surveillance Study". Iwenty
drops were made at each reported drop height, and at least five heights
were tested for each sample.

Differential Thermal Analysis Procedures (DTA)

Thermal analysis has been suggested as a technique for the
characterization of the sensitivity of explosives (Ref 6,7). The
thermal decomposition of lead azide may proceed by the reaction

PbN6 > P + 3N2 gas



or, as is more probably the case in the presence of small amounts of
oxygen,

PbN6 + trace 02 -+~ PbO + 3 N2 + higher oxides of Pb.

Without special precautions, the latter is the reaction most
commonly observed in DTA analyses, and yields an ill-defined product
consisting of a variable mixture of metal plus oxides, with no
assurance that the same reaction products will be obtained in any two
experiments.

A DuPont 900 DTA has been modified to permit the complete
exothermic decomposition of lead azide to be observed. This modifica-
tion and the suggested experimental procedure (Ref 7) provide a
technique for obtaining complete reproducible decomposition curves of
lead azide without the complications concomitant with the formation
of intermediate reaction products.

Microscopic Survey and Photomicrographic Procedures

A typical microscopic survey consists of a thorough examination
of at least five microscope slides prepared from random areas of a
bulk sample. In the procedure referred to in this report, a small
amount of water-damp lead azide was placed on a glass slide, and
acetone was added to disperse and dry the particles. The slides were
thoroughly examined for the presence of newly formed crystals. Also,
any agglomerates or crystals of unusual size and shape were noted and
recorded. The five slides were examined, a representative slide
selected, and photomicrographs taken of at least two areas of the
slide, as well as of any unusual particles found during the examination.
The photomicrographs were indexed and retained as permanent records.

Assay (% PbN,) Analysis Procedures
J

A colorimetric procedure (Ref 8) was used to determine the
azide ion content of the sample. The percent lead azide present was
calculated from these results.



RESULTS AND DISCUSSION

Temperature Cycling Study

Representative samples of SPLA and RD 1333 lead azide were
tested at approximately three month intervals, corresponding to the
seasonal variations; in this report they are denoted as the first,
second, and third cycle respectively. Concurrent with the SPLA study,
several RD 1333 samples were tested for comparison.

The main objective of this portion of the study was to derermine
the effect of seasonal temperature variations on the mechanical sensi-
tivity of lead azide, and to assess whether there is any periodic re-
crystallization from the storage medium.

Mechanical Sensitivity (Impact Testing)

Since there has been no absolute measure of sensitivity (and
hence, of hazard), the essential function of an impact test is to
provide a relative listing, ordering, and grading of the mechanical
or impact sensitivities of a group of samples. Freshly manufactured
SFLA should be used as the standard or basis for assessing any changes
ir properties due to storage. Unfortunately, impact data for freshly
prepared production SPLA were not available, and SPLA was no longer in
production at the start of this investigation, thus preventing the
collection of such data.

In order to establish an appropriate basis, impact sensitivity
curves were obtained for 26 samples "as received" from storage. These
data, when plotted together, define an envelope of drop height aad
percent fire values, which has been used as the basis for comparison
of subsequent impact sensitivity data. Thus, one criterion for estab-
lishing a change in impact sensitivity due to storage is the obsarvation
of drop height data lying outside this envelope. Unfortunately, the
associated degree of hazard is a matter of judgment and experience.

The raw impact data consist of the number of '"fires" and '"no
fires" at each drop height. Sensitivity curves are obtained by
plotting, on probability scale graph paper, the least squares fit of
the drop height data in inches, as a function of percent fires. The
impact curves represent the sensitivity most accurately between the
10% - 90% initiation points. Obviously, the major interest with
respect to hazards occurring due to increased impact sensitivity is
at the very small percent initiation level.

0f the initial 26 special purpose lead azide samples, six were



selected at random for the temperature cycle study. The impact curves
for these samples are given in Fig 1 through 6 for the "as received"
and first three cycles data. Superimposed on these data is the
envelope of the sensitivity curves for the initial 26 SPLA samples, to
indicate, not only any changes of the individual sample, but also its
sensitivity in relation to the SPLA basis as described above. A sum-
mary of the sensitivity values (10% and 50% heights) calculated from

a least squares analysis of the data points appears in Table 1.

The t-distribution functions for these datz are used in order
to calculate the probability of distinction between any two samples.
This probability is obtained directly from an estimate of the overlap
of the t-distribution functions for two samples. For example,

22 T = 95% means that the distributions are well separated, and
tgéiglggta high probability that the two samples have significantly
different senmsitivities to impact. Conversely, a low probability of
distinction implies that no significant difference in impact sensitivity
has been established. Table 2 shows the probability of distinction
values for the three cycles if compared with the corresponding "as
received" data.

In summary, two methods of evaluating changes of mechanical
sensitivity are used. If the sensitivity plot of a set of data falls
outside the standard envelope, and/or if the calculated probability
of distinction between data on any sample and its corresponding "as
received" data is large, it is assumed that the impact sensitivity of
the sample has undergone sufficient change to warrant concern and
further investigation.

The data presented in Tables 1 and 2 and Fig 1 through 6
indicate no significant change of impact sensitivity for the SPLA
samples studied.

It can be seen from Table 2 that in general the samples with
initially high probabilities of distinction become less distinct in
successive cycles, and those with low probabilities at the outset
become more distinct. An observation which may be relevant in this
context is that samples which show decreasing probability of distinc-
tion are white, while those exhibiting an increase tend to be colored.

In all cases but one, the second cycle showed the highest
probability of distinction when compared with the "as received"
results. What importance, if any, can be placed on the sequence of
change in the probability of distinction values is not apparent. It
must suffice to say that it may be related to impurity content, which
in turn can depend upon the care used in packaging.

There was no trend established that could have been considered



indicative of a continuing increase or decrease of mechanical sensi-
tivity. It appears from the probability of distinction analysis, that
the temperature just prior to sampling for measurement is more import-
ant in influencing the apparent sensitivity than any thermal cycling
effects. The impact sensitivity curves obtained for the RD 1333 samples
tested exhibit the only instance where impact curves obtained “or a
cycle sample fell out of the envelope. Originally it was intended to
test only one RD 1333 sample; but the results obtained for that sample
(Fig 7) warranted testing another one (Fig 8). It can be seen from
Fig 7 and 8 that the impact sensitivity curves for the cycled material,
for both samples, have at least a portion outside the envelope.
Consequently, it would appear that the results obtained for the

RD 1333 give more reason for concern than those obtained for S2LA
samples.

Differential Thermal Analyses (DTA)

DTA traces were obtained for all "as received" and first cycle
samples. The DTA analyses were not continued for later cycles, since
the traces for the first cycle samples were found to be almost identi-—
cal to those for the "as received" samples. A representative set of
DTA traces is shown in Fig 9 and 10; the peak temperatures takz2n from
the "as received" and first cycle traces are listed in Table 2 of
Appendix 9. It can be seen that in only one instance does a first
cycle sample's peak temperature differ from an "as received" result
by more than one degree C.

Microscopic Survey

Military specifications require that production lead azide
(SPLA and RD 1333) contain no well defined crystalline material if
observed through a microscope. With a few exceptions, photomicrographs
taken of SPLA and RD 1333, as received from storage, show satisfactory
agreement with this requirement (Fig 11). However, following each
temperature cycle the photomicrographs indicate the appearance of
small crystallites and, in some cases, the growth of clear crystalline
material on the lead azide particles. Fig 12 and 13 demonstrate the
clarity and show the well-defined crystalline faces of the crystallites.
It should be emphasized, however, that the number of the crystallites
is not large. (These photomicrographs were chosen specifically to
indicate the nature and morphology of the crystallites and are not
indicative of their concentration.)

The presence of the crystallites indicates that recrystallization
can occur from a medium which is the same as that used for bulk storage.
This is an important observation in light of the fact that spontaneous




detonations have occurred under certain conditions of recrystallization.

X-Ray Diffraction Study

X-ray diffraction spectra of "as received" SPLA samples, using
standard techniques, show that, regardless of their noncrystalline
appearance and the outer configuration of the particles, they are
predominantly alpha lead azide. In order to ascertain the structure
of the clear crystallites and other suspect particles, micro-focus X-ray
techniques had to be employed. Standard X-ray techniques are not
sufficiently sensitive to distinguish small concentrations of, say,
B-lead azide in a sample composed predominantly of a-lead azide.

Of particular interest were crystallites that had an extremely
elongated appearance, which suggested the possibility of their being
the monoclinic or beta form of lead azide. Of course, such particles
could also be a salt of carboxymethylcellulose or some foreign material.
A sufficient quantity of the crystallites was physically separated from
the bulk lead azide, transported to the National Bureau of Standards,
and examined individually using micro-focus X-ray analysis. Photo-
micrographs of the type of crystals examined are shown in Fig 13. The
crystals were identified as alpha lead azide. It is hypothesized that
the elongation resulted from a series of time separated crystal growth
periods which occurred when temperature conditions were favorable for
crystallization.

Surveillance Study

Mechanical Sensitivity

The impact test results for the first and second annual sur—
veillance studies are given in Tables 3 and 4. Also shown in these
tables are the date of manufacture for each sample and the installation
where each was stored at the time of sampling. Both PA impact and
ball drop data are given for the first set of samples, and only ball
drop data for the second set, since it was during the interim that the
changeover to the ball drop test was effected. It should be noted that
the cost savings realized by this substitution allowed for the impact
testing of almost twice the number of samples for the second surveil-
lance study.

Impact sensitivity plots of the ball drop data have been grouped
according to manufacturer for each annual sampling and are given in
Fig 14 through 17. The shaded areas superimposed on the second
surveillance results (Fig 15 and 17) represent the envelope defined



by the first sampling data. Figure 14 indicates the reproducibility

of the test using a standard monitor sample. Naturally, no trend of

the data can be considered to be definite until at least one more
sampling is done. The results obtained for E.I. DuPont samples, Fig 17,
show a grouping of five samples to be above and outside the suparimposed
envelope. What is considered to be of significance about this result

is that all of these samples were manufactured in 1967. The plots ob-
tained for Uniroyal (JAAP) samples (Fig 15) show that all the sacond
surveillance samples are closely grouped and fall within the envelope.
In this case it appears that samples manufactured in both 1967 and 1968
have shown no apparent change in impact sensitivity.

In an attempt to relate the results obtained to various zriteria,
e.g., packaging configuration, storage media coloration, storage area,
etc, two correlations have been found:

(1) All of the E.I. DuPont SPLA has been stored at or moved to
SAD, while all of the Uniroyal (JAAP) material has been stored at JAAP.
The significance of this is not obvious since both installations have
the same type of storage facilities (igloos), and both follow standard
surveillance procedures.

(2) A review of the trip reports presented in the Appendices
shows that the principal differences of packaging configuration are
the number of outer plastic bags used and the interior coating of the
storage drums. The inspections reveal that the medium coloration
for the DuPont package is more intense at the drum and in the second
layer, but the solution in contact with the azide indicates very
little permeation of the bag containing the azide. In the case of the
Uniroyal packaging configuration, the color of the medium at the drum
and through all layers of the packaging configuration shows lit=le
change. The medium in contact with the drum has much less coloration
than that of the DuPont packages, due to the corrosion protection
afforded by the phenolic coating on the inside of the drum.

The absence of color permeation into the interior DuPont bag,
induces a certain temptation to hypothesize that hydrolysis products
of the reaction of the lead azide with water are trapped in the inner
bag of the DuPont packages. However, it remains to be shown that
such entrapment favors the formation of basic lead azide, which is
thought to be the cause of a decrease in mechanical sensitivity.

Photomicrographic Survey

The microscopic analyses, including photomicrographic records,
have been completed for all of the first surveillance group of samples

10



and are under way for the second group. Of the 18 samples examined
and photographed for the first surveillance group only two showed any
signs of abnormality. One sample (Lot JA 4~71) contained numerous
small rounded particles not seen in any of the other samples tested

to date. The rounded form of the particles would indicate that they
were formed during precipitation in the presence of the crystal modi-
fier. The other sample (Lot JA 4-76) contained a large number of
crystals with a spinelike growth that appears to be crystalline.

In the impact sensitivity tests or assay analysis, neither of these
samples exhibited any abnormalities that might indicate an undesirable
situation, and both were colorless to the eye. Photomicrographs of
these samples are shown in Fig 19. It was decided that the rounded
particles, although abnormal, were inconsequential and should provoke
no great concern. However, the possibility exists that the spinelike
growths seen are the results of recrystallization, making their appear-
ance consequential, regardless of the test results.

It was decided to hold in abbeyance any recommendations as to
action to be taken pending examination of later surveillance samples.
This should allow for a more complete assessment as to frequency of
occurrence of these particles, and the detection of any growth of the
spines.

Assay (% PbNg Analysis Procedures

The physical appearance (principally color) of some of the first
surveillance samples raised doubts as to whether the material could
meet specification requirements. Concern over this factor prompted the
introduction of assay analysis into the program. It can be seen from
Table 5 that many samples assay lower than required by military speci-
fication ( < 98.5%). However, it should be remembered that these
samples were placed in storage between the years 1966 — 1968, and
therefore no comparison can be made between these values and the purity
at the time of manufacture. Furthermore, the sample exhibiting an
extremely low purity value (OM 1-16) is among those destroyed for
reasons of storage container deterioration. At this writing, the
analysis of only ten of the second surveillance group of samples has
been completed. It shows no real change of purity if compared with
the first surveillance group samples.

SUMMARY AND RECOMMENDATIONS

The results of the temperature cycle studies indicate that
seasonal temperature variations do affect the results of mechanical

11



sensitivity tests of stored SPLA, but that extremes of temperature
just prior to the sampling may obscure any trends which may be present.

The impact sensitivity tests performed in the course of the
surveillance study show a definite change in sensitivity of some
samples over the period of one year. However, to establish a definite
trend, a minimum of three annual samplings will be required.

A principal part of the surveillance study has been the careful
examination of the packaging and containers. The detection of serious
deterioration of Olin Mathieson containers was a major factor in the
subsequent decision to destroy that material. Packaging configurations,
permeability of plastic containers, and drum liner material are con—
sidered to be important factors, which will have their effects on the
long term changes in sensitivity of the stored SPLA.

The continuation of surveillance studies will assure the early
detection of changes in impact sensitivity of SPLA, deterioration in
storage containers, and detection of any new crystalline formations
and structures. In addition, it is recommended that other available
sensitivity tests, e.g., electrical spark initiation and explosion
temperature, be used in conjunction with impact testing. Both wet
and dry samples have been retained for the purpose of such an expanded
test program.

The properties of the packaging materials also have been sug-
gested as an important factor in long term storage. It is strongly
recommended that additional studies be undertaken to determine react—
ions occurring because of the permeability, or impermeability, of the
packaging materials. Preliminary laboratory investigations (see
Appendix I), using more sophisticated analytical techniques such as
electron spin resonance, suggest that increases in the amount of
iron or manganese present in the stored SPLA may be an indication of
reactions occurring with the storage medium. These results also
indicate a need for more detailed studies of the possible use of
"getter" materials to inhibit undesirable reactions when materials
are stored in a liquid medium.

The observation of crystalline material indicates a need for
continued surveillance and a better characterization and understanding
of the spontaneous detonation phenomenon. It is suggested that work
of a more fundamental nature is required to determine the effects of
crystalline modifiers (such as carboxymethylcellulose) and other
physical parameters on the probability of spontaneous detonation during
precipitation of lead azide from solution. Particular emphasis should
be given to the effects of precipitating RD 1333, special purpose, and
pure lead azide from the storage medium.
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Probability of Distinction Values

TABLE

2

Special Purpose
Lead Azide

1st Cycle
vs
As Received

2nd Cycle
vs
As Received

3rd Cycle
vs )
As Received

Lot

Lot

Lot

Lot

Lot

Lot

Dup 53-17
Dup 53-44
JA 4-52
JA 4-84
OM 66-25

OM 67-5

Lead Azide
RD 1333

Lot

Lot

oM 2-2

Dup 51-32-6

647
73%
527%
39%
30%

38%

95%

15

737%
937
887
867
73%

177

987%

767%

917%

62%

78%

647

12%

95%

38%
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TABLE 4

Impact Sensitivity Test Results for 2nd Surveillance

Sample

JA
JA
JA
JA
JA
JA
JA
JA
JA
JA
JA
JA
JA
JA
JA
JA
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP
DUP

Monitor Tests

4-73
4=74
4=75
4=79
4-80
4-82
4-83
4-85
4-87
4-89
4-90
4-92
4-93
4=94
4-96
4-97
53-18
53-21
53-23
53-25
53-32
53-35
53-38
53-44
53-51
53-73
53-75
53-76
53-77
53-79
53-91
53-92

50% Hgt

Std

Ball Drop Test

Dev

21.
21.
22.
22.
21.
20.
21.
20.
21.
23.
22.
23.
23.
21.
20.
21.
28.
26.
27.
27.
26.
22.
23.
23.
23.
22.
20.
21.
23.
2il
23.
21.

21.
20.

FOFAFNOVYIANODWPFPFAOANAPTP P OYWWOYWLWWRORNODOO®MOWWO WL

N

N
~

WWNMNMNNNONNENMNWWWLWWRNDNWLWNWNRNE2WNWNNNNODNNODMNDWND NN

WO ~NOOWOWUOOANDOYLVWOLWORRPERYNOVDINONNIWPRPOULI N
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Manu-
factured Stored
10/9/67 JAAP
10/12/67 JAAP
10/16/67 JAAP
11/6/67 JAAP
11/9/67 JAAP
11/17/67 JAAP
11/22/67 JAAP
12/4/67 JAAP
12/12/67 JAAP
12/19/67 JAAP
1/9/68 JAAP
1/19/68 JAAP
1/24/68 JAAP
1/29/68 JAAP
2/12/68 JAAP
2/16/68 JAAP
67 SAD
67 SAD
67 SAD
67 SAD
67 SAD
67 SAD
67 SAD
67 SAD
67 SAD
67 SAD
67 SAD
68 SAD
68 SAD
68 SAD
68 SAD
68 SAD



TABLE 5

Assay Analyses (ZPbN6) Results for Surveillance Study

lst Surveillance Samples 2nd Surveillance Samples*
Sample Color %PbN6 Sample Color#** %PbNG
OM 66-31 Buff 96.8 JA  4-73 White 97.8
oM 67-17 Pink 97.3 JA  4-74 White 97.5
oM 1-16 Grey 93.7 JA  4-75 White 97.1
oM 1-19 Pink 98.4 JA  4-79 White 97.7
oM 1-22 White 98.2 JA  4-80 White 96.9
oM 1-25 White 96.7 JA  4-83 White 98.2
DUP 53-24 White 98.9 JA  4-87 White 98.7
DUP 53-36 White 98.2 JA  4-89 White 96.6
DUP 53-54 White 97.0 JA  4-90 White 97.5
DUP 53-72 White 97.2 JA  4-94 White 97.8
DUP 53-82 White 98.4 JA  4-96 White 97.1
DUP 53-91 White 97.1 JA 497 White 97.2
JA  4-55 White 96.4

JA  4-91 White 96.7

JA  4-76 White 97.5

JA  4-82 White 96.7

JA  4-71 White 98.4

*Samples analyzed at time of report of a total of 32 samples.
*#%All 2nd Surveillance Samples from both E.I. DuPont and Uniroyal
were white.
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- - Special Purpose Lead Azide Lot #JA-4-62

Fig 11

RD1333 Lot #0LN-2-1
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APPENDIX A

A LABORATORY EVALUATION OF PACKAGING MATERIALS

USED IN SPECIAL PURPOSE LEAD AZIDE CONTAINERS

Explosives Division
18 August 1969
Joseph Smith
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As requested by U.S. Army Material Command letter AMC-PMSA dated

7 November 1968, the Explosives Division, Picatinny Arsenal initiated
a study of long term storage effects on special purpose lead azide.
Discussions with APSA and Savanna Ordnance Depot personnel in regards
to the sampling of lead azide for the above studies resulted in the
letter AMXSV-SU dated 22 January 1969, in which it was indicated that
during withdrawal of lead azide samples from storage containers deter-
ioration of packaging materials was observed. In view of the above,
it was apparent that in addition to the present studies now in prog-
ress on special purpose lead azide (SPLA) an immediate investigation
was necessary to determine the nature of the deterioration and to
obtain basic knowledge in regards to whether or not physical and chem-
ical changes were occurring in lead azide storage packaging materials.

To obtain first hand information as to the present condition of metal
storage containers and packaging materials, a representative of the
Explosives Division visited installations where special purpose lead
azide is stored. On 30 April 1969 and 4 June 1969 trips wers made to
Savanna Ordnance Depot and Ravenna Army Ammunition Plant. At these
installations lead azide storage containers packaged by different
manufacturers were opened to observe the interior condition of the
container, examine packaging materials and obtain samples for study.
For details of visual inspection and observations see Appendices B
and C.

Visual inspection during unpackaging of selected drums showed that the
lead azide was packaged in a variety of ways. DuPont and Unircyal
manufactured materials were packaged in a similar manner (see Figure 1
and 3) however, the 0lin Mathieson manufactured material was packaged
quite differently (Figure 5).

Inspection of the contents of the drums verified previous statements
as to their condition. Therefore, it was deemed necessary to rigidly
evaluate them. Storage liquids (Figures 2, 4, and 6) as well as saw-
dust materials (Figure 7) were carefully sampled and shipped tc the
Explosives Division. The following is a report of the laboratcry
evaluation of these materials.

Selection of Drums and Sampling of Packaging Materials:

The important criteria for sample selection are manufacturer ard date
of manufacture. Considering that the lead azide storage samples rep-
resent different manufacturers with different lot numbers and manufac-
ture dates, every effort was made to select representative samples
from each installation visited.

Samples were taken from various positions in the storage drum zs fol-
lows:
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The solution in contact with the drum was sampled from the top of the
storage drum prior to opening the drum liner. After siphoning off
several inches of liquid the drum liner was visible, siphoning was
continued until approximately half of the drum liner was exposed. The
drum liner was opened and sufficient sawdust was removed so that the
bag containing the lead azide was easily accessible. Before each bag
was opened the outside of the bag was thoroughly washed down with a
fresh 50/50 water~alcohol solution. Also, before opening the bag,
particular attention was given to removal of sawdust from deep folds
and creases to prevent contamination of one bag into another. Liquids
inside the bag containing lead azide were sampled from the top of the
bag. For additional details see Appendices B and C.

Experimental

Determination of Hydrazoic Acid:

Using a technique recently developed by the Explosives Division,
the concentration of azide ion was determined in the liquid samples.
Table 1 shows milligrams of azide ion per liter and the molar concen-
tration of hydrazoic acid found in alcohol-water solutions from stor-—
age containers of lead azide packaged by different manufacturers.

Determination of Iron:

The solutions were centrifuged and the insoluble residue was
carefully separated. The concentration of iron in both phases was
determined by a combination of classical and colorimetric techniques.
Table 2 shows the concentration of iron in the liquid phase expressed
as milligrams of iron per liter and as molar concentration. Table 3
shows concentration of insoluble residues (recovered by centrifuging)
expressed as milligrams per liter. The percentage of iron found in
this residue is also given.

Determination of Soluble Organic Material Extracted by Alcohol-
Water Storage Solutions:

During long term storage significant amounts of organic materials
are extracted from the sawdust by the water-alcohol storage solution.
Table 4 shows the concentration of soluble organic materials expressed
in grams per liter.

Determination of Alcohol Content and pH of Storage Solutions:

The percent alcohol present was determined using density tech-
niques. The densities of the solutions were determined by means of a
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Leach pycnometer. From tables of density versus percent alcohol the
solution compositions were determined. In addition, the pH of the
solutions were measured using a Beckman Expandomatic Meter. Table 5
shows the pH and percent alcohol (by wt.), along with the visual eval-
uation of the drum interiors.

Discussion of Results

Hydrazoic acid is generated as a decomposition product of lead
azide hydrolysis. A comparison of the results presented in Table 1
shows that in materials packaged by DuPont (1967 vs 1968) and Olin
Mathieson (1966 vs 1968) the hydrazoic acid molar concentration in
the liquid in contact with the drum increased with length of storage
time. Also, the hydrazoic acid molar concentration is much greater
in the inner bags containing the lead azide when it is packaged in
multiple polyethylene bags than when it is packaged in a rubberized
canvas bag. This indicates that the diffusion of hydrazoic acid is
much slower through multiple polyethylene bags than it is through the
rubberized canvas bags used by Olin Mathieson.

The data in Table 2 shows that the concentration of iron in the
storage liquids that are in immediate contact with the metal drum in-
creases with length of storage time. Also, it can be seen that in
general when the lead azide is packaged in a rubberized canves bag
the iron content of the solution in contact with the drum is approxi-
mately the same as that of the solution in contact with the lead azide.
As in the case of hydrazoic acid it is again shown that passage of ions
is not restricted by the rubberized canvas bag. In cases where the
lead azide is enclosed by two or three polyethylene bags, anzlyses of
the solution in individual bags revealed that the iron concentration
decreases going from the drum inward to the bag containing the lead
azide. Here again is proof that the diffusion of ions is much slower
through multiple layers of polyethylene than through rubberized canvas.

Iron and hydrazoic acid have been shown to be present in the
storage liquids, so it is reasonable to assume that the ferric azide
complex [FeN3]++ is present. However, the pH values obtained for
these;solutions were at borderline conditions for this reaction to
occur . In order to verify the existence of the complex, spectropho-
tometric evaluations were made in the strong absorption region (460 mp)
cf this complex. Absorptions at this wavelength was obtained for all
colored solutions. The data presented in Tables 1 and 2 show that
when rubberized canvas bags are used the mole to mole ratio of iron to
HN, in the storage solution is not 1:1, with HN, being in excess.
Therefore additional HN3 is always available fof continued reaczion
with the drum.

In most cases, the storage solutions showed turbidity. These

41



solutions were centrifuged and the insoluble residue was carefully
separated before solution analyses were performed. Residue weights
are given in Table 3 and show that the amount of insoluble residue
present increases with length of storage time. The increase in resi-
due amounts are considered to be quite large for the elapsed storage
time. Also, it is believed that residue amounts will be found to be
even greater at the bottom of the drum. The Olin Mathieson packaged
material (packaged 9/66) contained the largest quantity of residue.
The residue (OM-66-28) recovered from the liquid in contact with the
drum contained 34.477 iron. Also gas evolution was observed when it
was reacted with Ceric Ammonium Nitrate solution indicating the pres-
ence of azide ion; chemical analyses were carried out and the results
showed azide to be present to the amount of .01%. Loss on ignition
(amount of organic material present) was 47.4% by weight. In compar-
ison, the residue recovered from the solution in contact with the
lead azide contained 7.93% on ignition. No detonations occurred from
"match tests" or ignitions.

Ambient temperature fluxuations which cause solvation and subsequent
recrystallization of the SPLA could result, under storage conditions,
in a doped form of crystal. As proven by this investigation, the do-
pant ions could easily be [FeN,]++, or Fe+++ compensated with a biva-
lent metal ion. The composition of the steel used for fabrication of
the storage drums would lead one to suspect the presence of manganese
and the formation of the bivalent Mn++ ion resulting from reaction
with the HN present in the solutions. To investigate the validity of
this hypothésis it was decided to use EPR techniques.

It was felt that the residue most closely fitting the stated require-
ments would be one obtained from the solution between the diaper cloth
and duck cloth bags in the Olin Mathieson package configuration (Fig-
ure 5). Since the diaper cloth was the filter medium for the produc-
tion filtration it should retain the original azide crystals. Also,
the duck cloth bag is of a close enough weave to keep out large par-
ticles from the surrounding medium. Therefore residues from this

area should contain a product resulting from the reaction of ions

that have passed out from the lead azide bag and in from the drum area.
The EPR spectra obtained from this residue gave large Fet+++ and Mnt+
peaks resulting from the presence of these metallic ions in a crystal
lattice.

The solubility of various organic components of the sawdust in the
alcohol/water solution is apparent from the results given in Table 4.
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